Abstract-The increasing deplo yment of photovoltaic (PV) s y stems requires large numbers of skilled engineers with a greater understanding of all aspects of PV teehnology both theoretical and practical.
I. INTRODUCTION
Photovoltaic CPV) devices convert light energy to electrical energy for use in various applications. Therefore, it is important that the energy conversion characteristics of a specific PV device is fully understood for a range of operational conditions. One method for assessing PV performance is by measuring the " characteristic" (or IV) curve. 
Monitoring on real time measuring system by using a web camera and storing the acquired data. Students welcome remote laboratories because they increase access flexibility, so they are a growing in number across the world [1], [4] [5] [6] [7] [8] .
They are particularly beneficial to distance learning students as it avoids time and costs required to attend a physical laboratory at a given location.
The development of a remote controlled laboratory presented a number of challenges. To replicate the physical apparatus shown in figure 1, a requirements capture exercise identified a number of sub-system requirements that would be critical to the functionality of the experiment.
• Create a Light source which can be remotely controlled to change the level of irradiance.
• Create a sub-system which will allow the changing of PV panels remotely.
• Create a sub-system to measure irradiance.
• Create a sub-system which will measure and control the temperature of the PV panels remotely.
• Connect and integrate the complete system to a computer which will allow the system to be accessed and controlled over the internet by users.
The aims of the paper are to present the results of the development of a remote PV experiment to show the potential for training technicians and engineers around the world. The paper outlines the requirements capture, the design of the experimental set-up, the need to develop a software interface between the remote user and hardware and presents the findings and future development of the project.
II. METHODS
One of the challenges of developing a remote PV laboratory is that users are unable to physically alter experimental parameters. For example, in the physical lab to alter the irradiance hitting the PV sample panel is carried out by moving the panel towards or away from the light source. In addition to an experimental rig that would function as the apparatus in Figure 1 , a user control interface would be required as shown in Figure 2 . �30oC, �40oC and �50oC
A. Description of Experimental Set-up
The hardware requirements to meet the experimental parameters led to two main design solutions, a controllable variable light source and a controllable temperature device to maintain PV panel temperature at the desired level. These solutions are described in the following sections.
1) Light Source:
Light Emitting Diode (LED) modules were used as they were specifically designed to replicate the spectrum of sun light which was fundamentally important in this application of testing PV devices. In addition, the LED produces differing levels of irradiance when a variable power source is available.
A total of 36 LEDs modules were arranged in a six-by-six array as shown in figure 3. These were connected to a PV simulator LED current regulation board. The voltage source for 2) Light Source:
To ensure that the irradiance measured by the photodiode array was the same as that received by the test PV sample ICONCE 2014 panels, the PV panels and photodiode array were attached to a rotating platform on base platform for stability as shown in There would be need to integrate this equipment to find a software solution to enable the experiment to work and allow for remote use.
There are different types of tools available in the market to implement these online laboratories [9] . However, the
LabVIEW software environment has been demonstrated to be suitable for remote control of equipment [1] [10] . Indeed it includes tools for designing automation control in engineering [11] . An additional factor in the selection of Lab VIEW is the ability to publish to the web, which is crucial to the use of remote laboratories, through the Internet Toolkit facility.
From the user perspective the virtual instrument (VI) front panel gives the students the ability to control the experiment.
Once the main LabVIEW programs were written, interfaced with the hardware, validated and integrated, next step was the remote connection facility. The development of this functionality is described in the following section.
1) Virtual1nstrument:
The front panel is the interactive graphical user interface 
2) Hardware interfacing
10 different programmes would be required to run the experiment that would also integrated into the VI GUI. The programmes to be developed were:
• Power control for irradiance
• Power control Peltier device
• Programme control for irradiance
• Programme control for Peltier device of skills was needed. To enable Internet access to the experiment a secure network port had to be opened. Figure 8 shows the apparatus in use. . Future work will involve evaluating the student experience.
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